correspond to the rate laws described in detail in Table S1 . For the names of model nodes (reaction 32 species): 'X/Y'complex formed by X and Y, 'pX'phosphorylated form of species X, 'X_n'species 33 X in nucleus, 'mX' -mRNA of species X, 'aX'species X in its activated form, 'Deg'degradation, 34 dashed arrowsinhibition. Reaction descriptions, parameters, rates and differential equations for all 35 model nodes are summarized in Tables S1 and S2. (2), and 20 ng/ml of 4) , (D-E) upregulation of SOCS1 and SOCS3 (data is mRNA 45 expression) (5), (F) increase in IRF-1 expression at 6 h (6), and (G) increase in iNOS expression at 12 h 46 simulations and published experimental data of IL-4-induced (A-C) STAT6 activation at 10 ng/ml (5, 11, 62 12), 50 ng/ml (13) and 100 nM IL-4 (14), (D) phosphorylated STAT6 in nucleus (15), (E) increase in 63 IRF-4 expression (16), (F-G) AKT activation at 50 ng/ml (17) and 20 ng/ml IL-4 (18), (H-I) increase in 64
Arg-1 production (15, 19) , (J) increase in IL-10 production at 24 h (20), (K) increase in VEGF production 65 (H) For Arg-1 production, data in terms of Arg-1 activity (formation of urea from arginine) is compared 72 with simulation (Arg-1 protein level). (K) For VEGF production, data in terms of intracellular VEGF 73 level is compared with simulation (secreted VEGF level). (L) For SOCS1 induction, data in terms of 74 SOCS1 mRNA level is compared with simulation (SOCS1 protein level), given the reasoning stated in 75 under high IL-4 production. (E) Under the scenario of high IL-4 production, inhibition of STAT6 triggers 138 increased activation of AKT as a compensatory mechanism to further upregulate M2 marker expression. 139 (C-E) Marker expression levels are normalized to their respective t=0 values (e.g. normal IL-4 140 production, unstimulated). All simulation results are protein levels (except CXCL10 is mRNA level). (A-141 B) More details about the parameters listed can be found in Table S1 using the labels (positive -ka37, 142 kr70, kf17, k127, k61, kf64, kf63, k33, k45, k37, kf42, kf44; negative -kr42, k99, kf8, k1, kr44, kf7, kf13, 143 kr64, k71, kf95, kr63, k78, kf70; order is from top to bottom as displayed). Figure S1 and 165 Table S2 ). As shown in the last column, numerical values of model parameters (~140 in total) are either 166 estimated from relevant published data (e.g. experimental measurements, prior models) or estimated 167
Figure S8
computationally through whole-model optimization ('fitted'). Certain parameter values are shared by 168 more than one reaction fluxes (marked by * in the last column). 
Model Formulation

225
Macrophage polarization is a complex, dynamic multi-pathway process with numerous 226 feedbacks and cross-talks, which also makes its a highly suitable topic for systems biology 227 modeling. Given the many relevant pathways and the large number of mechanistic details that 228 govern macrophage polarization, it makes sense to approach this problem in a stepwise manner 229 (e.g. first build a "beginner model", then gradually enrich the model with more pathways of high Table S3 ) simultaneously. In the meantime, the initial conditions of "unique" species in the 247 model have to stay within the allowed ranges (0.5x-2x of concentration values estimated from 248 literature as listed in Table S2 , except for total HIF-1α and HIF-2α which we set that their resting 249 concentrations per cell should be less than a few nanomolar according to (56)). Then we 250 performed preliminary sensitivity analysis (for three cases, IL-4 or IFN-γ or hypoxia stimulation) 251 and collectively identified 101 parameters that have statistically significant (p<0.05) PRCC 252 values. Among the 101 parameters, 82 had no literature reference and global optimization using patternsearch in MATLAB was then performed for those 82 parameter values (with 0.5x-2x as 254 the allowed ranges) with respect to all the calibration datasets (along with the initial condition 255 checks in every iteration) to generate the final parameter values. We rounded the final values to 256 three significant digits for all parameters (as listed in Table S1 ).
257
For the initial condition checks, we simulated the model for 100000 minutes to obtain species 258 endpoint values (and check if they are within appropriate ranges as described above) and use calibration. For each datapoint, we assumed its value is within a distinct normal distribution with 275 a mean and a standard deviation (whenever possible, the mean and standard deviations are 276 calculated from the corresponding literature data that we gathered; for datapoints that only had 277 one value and no repeat, we considered that single value as the mean and assumed that the 278 standard deviation equals to 10% of that value). Then the 229 datapoint values in each re-279 sampled dataset were compiled in order by generating random numbers from the 229 normal 280 distributions. The 50 re-sampled datasets were then fed into the optimization algorithm to obtain 281 50 sets of new parameter estimates (as described in Materials and Methods). 
